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Most often mentioned by… The
protein, cryptochrome, is most
often mentioned by circadian
biologists. In organisms from
cyanobacteria to humans,
circadian rhythms are responsible
for controlling temporal
relationships of cellular,
physiological, and behavioral
processes and synchronizing
these processes with important
environmental cues, such as light
and temperature. These rhythms
are approximately 24 hours in
duration and endogenous to the
organism, persisting even when
placed in constant conditions. The
~24 hour period of circadian
oscillation is driven by a molecular
clock found in individual cells and
consists of interdependent
transcriptional/
translational feedback loops.
First discovered… The word
cryptochrome began as a generic
term for photoreceptors in plants
that were responsible for plants’
responsiveness to blue light. After
the first blue-light receptor was
cloned in Arabidposis thaliana, the
word cryptochrome came to mean
a photolyase-like photoreceptor,
due to its sequence similarity to
photolyase, a DNA repair enzyme
activated by blue light.
Cryptochromes (CRYs) are
thought to have evolved from
photolyases several times
independently; for example,
Drosophila CRYs and mammalian
CRYs are more related to
photolyases than to each other.
CRY/photolyase family proteins
have highly conserved amino
termini and bind two
chromophores — flavin and either
pterin or deazaflavin.
Is there a family resemblance?
The functional diversity between
CRYs in different species is
surprising, considering that the
amino terminus is highly
conserved and only the carboxy-
terminal tails vary widely in size
and amino acid composition.
CRY’s role in the molecular
circadian clock differs among
plants, invertebrates, non-
mammalian vertebrates, and
mammals. For example, in plants,
CRY is a blue-light photoreceptor
that controls many rhythmic
behaviors. Similarly, in the fruit fly,
CRY acts predominantly as a
photoreceptor but, in some
tissues, is also part of the core
clock mechanism. In lower
vertebrates and mammals, CRYs
are part of the molecular clock.
Black sheep of the family…
Unlike in plants and Drosophila, in
vertebrates no light-dependent
actions of cryptochromes have
been identified, although
chromophore-binding residues are
conserved. The debate as to
whether or not CRYs act as
photoreceptors in vertebrates,
especially mammals, continues.
Additionally, mammalian CRYs
exist in two forms, CRY1 and
CRY2, both of which can potently
repress the CLOCK–BMAL1
heterodimeric transcription factor,
but have opposing effects on the
period of the clock.
All in a day’s work… CRYs are
essential for the proper running of
the molecular clock in mammals,
but the specific roles that they
play continue to be studied. The
temporal precision of the cycle
requires many regulatory
strategies, including spatial
intracellular regulation, post-
translational modification, and
protein stability, many of which
may involve CRYs. The actions of
CRYs that have been
demonstrated thus far are the
regulation of protein stability,
formation of complexes with the
Period and casein kinase Iε
proteins, translocation to the
nucleus in these complexes, and
repression of the CLOCK–BMAL1
heterodimer (Figure 1).
Structure versus function…The
structural basis of CRY’s actions
are poorly understood, and we do
not yet know how such similar
sequences produce the distinct
functions of CRYs and photolyase.
Recent insight into this comes
from the crystallization of the
amino terminus of A. thaliana
CRY1, which confirms that CRY
folds very similarly to photolyase
and has flavin bound, but its
distinct surface features prevent
DNA repair activity. Hopefully, this
finding, in conjunction with future
research, will elucidate the
biochemical mechanism that
underpins the core molecular
mechanism of the circadian clock.
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Figure 1. Model of the
vertebrate circadian clock
negative feedback loop. 
In rhythmic cells, the tran-
scription factors CLOCK and
BMAL1 dimerize and bind to
E box enhancer sequences
in the period (per) and cryp-
tochrome (cry) genes, acti-
vating their transcription.
The Cry and Per messages
(red wavy lines) are trans-
lated into proteins, which
accumulate in the cyto-
plasm. Once the proteins
reach critical levels, CRY, PER, and casein kinase 1ε (CK1) form complexes (1), which
then translocate into the nucleus (2) and repress CLOCK–BMAL1-mediated transcriptional
activation (3). CRY has been implicated in the regulation of all three steps.
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